What Is Known
=============

-   Ultrasound-facilitated, catheter-based fibrinolytic therapy improves right ventricular (RV) dysfunction following acute pulmonary embolism.

-   In the OPTALYSE-PE trial (Optimum Duration and Dose of r-tPA With the Acoustic Pulse Thrombolysis Procedure for Intermediate-Risk Pulmonary Embolism), 4 accelerated lower-dose ultrasound-assisted, catheter-based fibrinolysis regimens resulted in short-term reductions of computed tomographic-measured RV-to-left ventricular diameter ratio, a marker of RV dysfunction in pulmonary embolism, comparable to 24 mg of tPA (tissue-type plasminogen activator) administered over 12 to 24 hours studied in the SEATTLE II trial (Prospective, Single-Arm, Multi-Center Trial of EkoSonic Endovascular System and Activase for Treatment of Acute Pulmonary Embolism).

What the Study Adds
===================

-   We observed improvement in short-, intermediate-, and long-term echocardiographic measures of RV remodeling and long-term functional status and quality of life in patients with submassive pulmonary embolism randomized to any of the four OPTALYSE-PE regimens.

-   Reduction in echocardiographically-determined RV-to-left ventricular diameter ratio occurred in the short-term in all treatment groups and was maintained over 1 year.

-   Mean 6-minute walk distance, PROMIS-PF-6b, and PEmb-QOL scores improved over 1 year in all treatment groups.

Although clinical trials have demonstrated short-term benefit of catheter-based therapies to improve right ventricular (RV) dysfunction following acute pulmonary embolism (PE),^[@R1]--[@R4]^ a paucity of data regarding long-term RV remodeling, functional status, and quality of life exists to guide integration of these revascularization strategies into evidence-based clinical practice.^[@R5]--[@R7]^ An improved understanding of the complications of PE, including poor physical performance, impaired quality of life, and pulmonary hypertension, provides additional parameters to assess therapeutic response.^[@R8],[@R9]^ An analysis of 100 patients with acute PE from 5 Canadian hospitals demonstrated that almost half had exercise limitation at 1 year that adversely influenced quality of life, dyspnea, and walking distance.^[@R10]^ This long-term functional impairment after PE has become known as the "Post-PE Syndrome."

While computed tomographic (CT)-measured baseline and residual thrombus burden does not correlate with long-term functional limitation after PE,^[@R11]^ assessment of poor recovery of RV function may identify patients with PE with an increased risk of adverse long-term outcomes.^[@R12]^ In 203 patients with PE, increased RV-to-left ventricular (LV) diameter ratio at diagnosis correlated with reduced 6-minute walk distance in long-term follow-up.^[@R13]^ Another study of 205 patients with submassive PE demonstrated that 41% had persistently abnormal RV function on echocardiography, functional limitation, or both at 6 months, and 20% had at least one index of poor quality-of-life.^[@R14]^

In short-term follow-up, ultrasound-assisted, catheter-based fibrinolysis improves RV function, reduces pulmonary artery pressures, and decreases thromboembolic burden.^[@R1]--[@R3]^ In the dose-ranging OPTALYSE-PE trial (Optimum Duration and Dose of r-tPA With the Acoustic Pulse Thrombolysis Procedure for Intermediate-Risk Pulmonary Embolism), 4 ultrasound-assisted, catheter-based fibrinolysis regimens were evaluated in submassive PE.^[@R3]^ All 4 regimens improved RV function comparable to 24 mg of tPA (tissue-type plasminogen activator) administered over 12 to 24 hours, based on the CT-calculated RV-to-LV diameter ratio from baseline to 48 hours. OPTALYSE-PE also provided detailed assessment of echocardiographic parameters of RV remodeling, functional status, and quality of life over 1 year. In this report, we assess short-, intermediate-, and long-term echocardiographic measures of RV remodeling and long-term functional status and quality of life in patients with submassive PE randomized to 1 of the 4 ultrasound-facilitated, catheter-based fibrinolysis regimens.

Methods
=======

Study Design
------------

The study design of the OPTALYSE-PE trial has been described previously.^[@R3]^ In brief, 101 trial participants were enrolled at 17 centers across the United States and Europe. Institutional Review Board approval was obtained at all sites, and written informed consent was obtained from all patients. The trial was a multicenter, parallel-group study in which participants were randomly assigned to 1 of 4 ultrasound-facilitated, catheter-based fibrinolysis regimens, varying in duration of infusion and total dose of tPA.

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Study Population
----------------

Patients aged 18 to 75 years were eligible to participate if they had symptomatic, submassive (intermediate-risk), acute PE defined as PE symptoms for 14 days or fewer with normal systolic blood pressure (\>90 mm Hg), RV-to-LV diameter ratio ≥0.9 on chest CT angiogram, and proximal PE located in at least one main or proximal lobar pulmonary artery.^[@R3]^ Major exclusion criteria included stroke or transient ischemic attack, head trauma, other active intracranial or intraspinal disease within 1 year, active bleeding from a major organ within 1 month, major surgery within 7 days of screening, systolic blood pressure \<90 mm Hg and/or use of vasopressors, hematocrit \<30%, platelets \<100 000/μL, INR \>3; creatinine outside the normal range, and any hematologic disease potentially involving abnormal platelet number or function.

For the echocardiographic analyses, we included patients in the modified per protocol population who had bilateral catheters placed to treat bilateral PE and had technically adequate baseline and follow-up echocardiograms (Figure [1](#F1){ref-type="fig"}). For the functional status and quality of life analyses, we included patients in the intention-to-treat population who completed assessments at each time point and were treated with either bilateral or unilateral catheters.

![**Flow diagram for the echocardiographic analysis.** tPA indicates tissue-type plasminogen activator.](hcv-13-e009012-g001){#F1}

Ultrasound-Facilitated, Catheter-Based Fibrinolysis Procedure
-------------------------------------------------------------

Eligible patients were randomized to 1 of 4 study group assignments. Study group treatment arms corresponded to a specific tPA dose and duration regimen, as follows: 8 mg/2 hours (Arm 1), 8 mg/4 hours (Arm 2), 12 mg/6 hours (Arm 3), and 24 mg/6 hours (Arm 4).

All study patients received therapeutic anticoagulation. The heparin dose was reduced to 300 to 500 U/hour during the fibrinolytic infusion and increased to full therapeutic dosing after the conclusion of ultrasound-facilitated, catheter-based fibrinolysis. Patients who were prescribed low-molecular weight heparin received full therapeutic doses. After the procedure, the type and duration of anticoagulation were determined by the responsible physician. The procedure was performed in an angiographic suite by an experienced interventional radiologist, cardiologist, or vascular surgeon within 48 hours of the diagnostic chest CT angiogram. Eighty-six percent of patients had bilateral PE treated with bilateral catheters.

Study Outcomes
--------------

The primary echocardiographic end point was mean change in RV-to-LV diameter ratio from baseline to within 4 hours after the end of the ultrasound-facilitated, catheter-based fibrinolytic procedure and 48±6 hours after its start. Secondary echocardiographic efficacy end points included mean change in tricuspid annular plane systolic excursion (TAPSE), mean change in estimated RV systolic pressure (RVSP), and inferior vena cava collapse. All echocardiograms were analyzed at a dedicated, blinded imaging core laboratory (Syntactx, New York, NY).

Patient functional outcomes were determined by 6-minute walk test^[@R15]^ at 30 days, 90 days, and 1 year and PROMIS-PF-6b scores (Patient-Reported Outcomes Measurement Information System Physical Function; [www.commonfund.nih.gov/promis](www.commonfund.nih.gov/promis)) at 30, 90, 180, 270 days, and 1 year. Before and at the conclusion of the 6-minute walk test, Borg Scale scores for dyspnea and fatigue were obtained.^[@R8]^ Patients were asked to rate separately symptoms of dyspnea and fatigue on a scale of 0 to 10, with 0 signifying no shortness of breath and no difficulty walking; and 10 signifying maximal shortness of breath and difficulty walking.

The PROMIS-PF-6b instrument measured self-reported physical functioning defined by upper extremity (dexterity), lower extremity (walking and mobility), and instrumental activities of daily living. Increases in PROMIS-PF-6b scores indicated improvement in physical functioning. A score of 50 is average for the general US population.

Quality of life was evaluated by PEmb-Quality of Life (QOL) scores at 30, 90, 180, 270 days, and 1 year.^[@R16]^ The PEmb-QOL instrument is based on a validated 40-item questionnaire that quantifies health-related quality of life in patients with PE. The PEmb-QOL instrument includes questions related to frequency and intensity of complaints, activities of daily living, work-related problems, and emotional complaints. The minimal clinically important difference for changes in PEmb-QOL has been determined to be 15 points.^[@R17]^ Since functional outcomes and quality of life were not assessed at the time of PE diagnosis and treatment with ultrasound-facilitated, catheter-based fibrinolysis, 6-minute walk test, Borg scale scores, PROMIS-PF-6b scores, and PEmb-QOL were compared with the initial assessments of each at 30 days (representing a post-PE baseline).

Symptomatic recurrent PE was defined as documented clinical symptoms and/or signs suggesting recurrent PE in combination with objective confirmation via chest CT angiogram, ventilation-perfusion lung scanning, or pulmonary arteriography.

Statistical Analysis
--------------------

All echocardiographic analyses were performed on the set of 82 modified per protocol patients who had bilateral catheters placed to treat bilateral PE and had complete, technically adequate echocardiograms, to ensure comparability of disease severity across treatment arms. The primary echocardiographic efficacy end point was the echocardiogram-measured RV-to-LV diameter ratio value. For each of the 4 treatment arms, the change in RV-to-LV diameter ratio over time was analyzed. TAPSE, estimated RVSP, 6-minute walk test distance, PROMIS-PF-6b scores, and PEmb-QOL scores were assessed using the same method. For RV-to-LV ratio, TAPSE, and estimated RVSP, a mixed model repeated measures (MMRM) analysis encompassing all 4 treatment arms was performed on the outcome values at baseline and 4 hours, 48 hours, 30 days, 90 days, and 1-year post procedure. Subject was a random effect for the model and the fixed effects included baseline value, assessment time point, treatment arm, and treatment versus time interaction. When treatment versus time interaction was not significant, results were presented for the model without the interaction. As nonlinear effects were expected over time and treatments were inherently ordered, time points and treatments were coded as ordinal variables: 1 to 6 for the 6 assessment time points in succession, and Arms 1 to 4 for 8 mg/2 hours, 8 mg/4 hours, 12 mg/6 hours, and 24 mg/6 hours, respectively for treatments. A similar MMRM analysis was performed for 6-minute walk test distance, PROMIS-PF-6b scores, and PEmb-QOL scores. For RV-to-LV ratio, TAPSE, estimated RVSP, 6-minute walk test distance, PROMIS-PF-6b scores, and PEmb-QOL scores, the actual data distribution at baseline and each follow-up time points were presented as box plots for each treatment.

All statistical analyses were performed using the SAS statistical software version 9.4 (SAS Institute, Cary, NC).

Role of Funding
---------------

The sponsor had no role in data interpretation or writing the manuscript. Drs Piazza, Sterling, and Goldhaber had full access to the data, take responsibility for the integrity of the data and the analysis, and had final responsibility for the decision to submit for publication. The sponsor of the trial was in possession of the database.

Results
=======

Baseline Demographics and Treatment Groups
------------------------------------------

The mean age of the study population was 57.6 years. Women comprised 48% of the study population. The mean body mass index was 35.8 kg/m^2^.

Eighty-three patients were included in the modified per protocol population for the echocardiographic analyses. Eighty-two had complete technically adequate data for the primary echocardiographic end point analysis (Figure [1](#F1){ref-type="fig"}). Complete technically adequate longer-term echocardiographic follow-up was available for 76, 70, and 64 patients at 30 days, 90 days, and 1 year, respectively (Table). There were no differences in demographic or clinical characteristics between subjects with complete longer-term echocardiographic follow-up and those excluded from the analyses due to incomplete follow-up.

###### 

Treatment Assignments for Patients in the OPTALYSE-PE Trial Included in the Primary Echocardiographic End Point Analysis

![](hcv-13-e009012-g002)

Follow-up 6-minute walk test data, PROMIS-PF-6b scores, and PEmb-QOL scores were available for 78, 101, and 91 patients, respectively.

Change in RV-to-LV Diameter Ratio
---------------------------------

The mean echocardiographic baseline RV-to-LV diameter ratio was 1.16, 1.19, 1.14, and 1.24 in the 8 mg/2 hours (Arm 1), 8 mg/4 hours (Arm 2), 12 mg/6 hours (Arm 3), and 24 mg/6 hours (Arm 4) groups, respectively. A downward trend was observed in RV-to-LV diameter ratio over the year in all treatment groups (Figure [2](#F2){ref-type="fig"}). There were no significant differences between treatment groups. The MMRM analysis indicated a constant, ≈0.08 decrease in mean RV-to-LV diameter ratio from one time point to the next time point, that is, from baseline to 4 hours, 48 hours, 30 days, 90 days, and 1-year post-procedure in all treatment groups (all treatments combined *P*\<0.0001).

![**Right ventricular (RV)-to-left ventricular (LV) diameter ratio at baseline and 4 h, 48 h, 30 d, 90 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure.**](hcv-13-e009012-g003){#F2}

Tricuspid Annular Plane Systolic Excursion
------------------------------------------

The mean baseline TAPSE was 16.4, 16.8, 17.0, and 17.4 mm in the 8 mg/2 hours (Arm 1), 8 mg/4 hours (Arm 2), 12 mg/6 hours (Arm 3), and 24 mg/6 hours (Arm 4) groups, respectively. TAPSE increased after the ultrasound-facilitated, catheter-based fibrinolytic procedure in all treatment groups (Figure [3](#F3){ref-type="fig"}). The MMRM analysis predicted a mean TAPSE increase of 1.56, 1.31, 1.00, and 0.65 (*P*\<0.02 for all treatments) from one time point to the next time point for 8 mg/2 hours (Arm 1), 8 mg/4 hours (Arm 2), 12 mg/6 hours (Arm 3), and 24 mg/6 hours (Arm 4), respectively.

![**Tricuspid annular plane systolic excursion (TAPSE) at baseline and 4 h, 48 h, 30 d, 90 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure.**](hcv-13-e009012-g004){#F3}

Estimated Right Ventricular Systolic Pressure
---------------------------------------------

The mean echocardiographically-estimated baseline RVSP was 25.9, 30.3, 38.2, and 25.5 mm Hg in the 8 mg/2 hours (Arm 1), 8 mg/4 hours (Arm 2), 12 mg/6 hours (Arm 3), and 24 mg/6 hours (Arm 4) groups, respectively (Figure [4](#F4){ref-type="fig"}). The MMRM analysis indicated a constant, ≈2.46 mm Hg decrease in mean RVSP from one time point to the next time point in all treatment groups (all treatments combined *P*\<0.0001).

![**Estimated right ventricular (RV) systolic pressure at baseline and 4 h, 48 h, 30 d, 90 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure.**](hcv-13-e009012-g005){#F4}

Respirophasic Collapse of the Inferior Vena Cava
------------------------------------------------

Respirophasic inferior vena cava collapse was observed in 94%, 93.3%, 96.7%, 94.8%, 96.2%, and 86.4% at baseline, within 4 hours, 48 hours, 30 days, 90 days, and 1 year, respectively. The frequency of respirophasic collapse remained similar among the treatment groups at each time point.

Functional Performance Assessment
---------------------------------

Mean 6-minute walk test distance at 30 days was 351.6±91.1 meters (Arm 1), 352.2±148.2 meters (Arm 2), 343.1±110.2 meters (Arm 3), and 327.3±99.7 meters (Arm 4). Mean 6-minute walk distance increased over 1 year in all treatment groups (Figure [5](#F5){ref-type="fig"}). The MMRM analysis indicated no differences among treatment arms and a mean 6-minute walk distance increase of ≈26.7 meters from 30 days to 90 days and from 90 days to 1 year (all treatments combined *P*=0.0148).

![**Functional performance and quality of life assessments.** Six-minute walk test at 30 d, 90 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure (**A**). \*PROMIS-PF-6b scores at 30 d, 90 d, 180 d, 270 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure (**B**). PEmb-QOL scores at 30 d, 90 d, 180 d, 270 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure (**C**). \*Note: one outlier of 1400 m for Arm 3 at 1 y.](hcv-13-e009012-g006){#F5}

The proportion of patients reporting Borg Scale scores for dyspnea of 0 before the 6-minute walk test numerically increased over 1 year in Arm 2, Arm 3, and Arm 4 (Figure [6](#F6){ref-type="fig"}). The proportion of patients reporting Borg Scale scores for dyspnea of 0 following the 6-minute walk test numerically increased over one year in Arm 1, Arm 3, and Arm 4. The proportion of patients reporting Borg Scale scores for fatigue of 0 before and following the 6-minute walk test numerically increased over 1 year in Arm 1, Arm 2, and Arm 3 (Figure [6](#F6){ref-type="fig"}).

![**Proportion of patients reporting Borg Scale scores for dyspnea and fatigue of 0 at 30, 90 d, and 1 y after the ultrasound-facilitated, catheter-based fibrinolytic procedure. 6MWT indicates six-minute walk test.**](hcv-13-e009012-g007){#F6}

Mean PROMIS-PF-6b scores improved over the course of 1 year in all treatment groups (Figure [5](#F5){ref-type="fig"}). The MMRM analysis indicated no differences among treatment arms and a mean PROMIS-PF-6b score increase of ≈1.0 point from 1 follow-up time point to the next time point (all treatments combined *P*=0.0002).

Quality of Life
---------------

Quality of life as measured by the mean PEmb-QOL score improved over 1 year in all treatment groups (Figure [5](#F5){ref-type="fig"}). The MMRM analysis indicated no differences among treatment arms and a mean PEmb-QOL score decrease of ≈3.1 point from 1 follow-up time point to the next time point (all treatments combined *P*\<0.0001).

One-Year Safety Outcomes
------------------------

In the overall safety population (Arms 1--4), symptomatic recurrent PE occurred in 1 patient by 30 days and 1 patient by 1 year for a total frequency of 2%. All-cause mortality was observed in 1 patient by 30 days (cardiac arrest 11 days after treatment) and 1 patient by 1 year (respiratory failure due to chronic obstructive pulmonary disease 6 months after treatment) for a total mortality rate of 2%.

Discussion
==========

We observed improvement in short-, intermediate-, and long-term echocardiographic measures of RV remodeling and long-term functional status and quality of life in patients with submassive PE randomized to any of the 4 ultrasound-facilitated, catheter-based fibrinolysis regimens. Reduction in the RV-to-LV diameter ratio occurred in the short-term in all accelerated lower-dose regimens and was maintained at one year. Mean 6-minute walk distance, PROMIS-PF-6b, and PEmb-QOL scores improved over the course of 1 year in all treatment groups.

The most comprehensively studied of advanced therapies for acute PE, full-dose intravenous fibrinolysis, has demonstrated efficacy for prevention of early morbidity and mortality.^[@R18]--[@R20]^ However, peripheral intravenous fibrinolysis provides limited net clinical benefit because of the increased risk of intracranial hemorrhage^[@R21],[@R22]^ and lack of impact on long-term mortality rates, residual dyspnea, pulmonary hypertension, and RV dysfunction.^[@R23]^ Catheter-directed therapy facilitates lower-dose fibrinolytic regimens that improve RV recovery while reducing the risk of major bleeding.^[@R1]--[@R3],[@R24]--[@R30]^ A single-center prospective study of 25 patients with submassive PE, treated with ultrasound-facilitated, catheter-directed fibrinolysis, demonstrated significant reduction in echocardiographically measured RV-to-LV diameter ratio from baseline to 72 hours after the procedure and preservation of RV recovery at 90 days.^[@R31]^ In the current study, we demonstrated that accelerated lower-dose regimens improved echocardiographic markers of RV remodeling, including RV-to-LV diameter ratio and TAPSE, in the short-term and at 1 year.

Sustained echocardiographic improvement seems to be important for preventing the post-PE syndrome by enabling more complete functional recovery.^[@R32]^ Kahn et al^[@R8]^ examined 100 patients at 1 and 12 months after PE. Nearly half had exercise limitation and echocardiographic abnormalities at 1 year. In a subsequent study of 20 patients with massive or submassive PE, Albaghdadi et al^[@R33]^ showed that at 6 months, persistent symptoms, abnormalities of RV structure and function, and exercise limitation were common. In meta-analysis, systemic full-dose fibrinolytic therapy has not been shown to reduce the risk of at least moderate functional impairment compared with anticoagulation alone.^[@R34]^ In contrast, a separate meta-analysis of ultrasound-assisted catheter-directed versus systemic fibrinolysis for massive and submassive PE showed that ultrasound-assisted catheter-directed therapy was associated with a lower rate of major bleeding.^[@R35]^

From the interval of 1 month to 1 year after initial therapy, patients in the OPTALYSE-PE trial demonstrated increased 6-minute walk test distance, a greater proportion of patients without symptoms of dyspnea or fatigue following 6-minute walk test, improved functional performance scores, and better quality of life. Although the current trial did not include an anticoagulation alone comparator group, the 1-year improvement in functional performance and quality of life across all treatment groups mirrored the recovery of RV function as assessed by serial echocardiography. A prospective, multicenter cohort study of 100 patients with acute PE, two-thirds of whom had normal RV function at time of diagnosis, and treated predominantly with anticoagulation alone, has also observed improvement in functional performance and quality of life over 1 year.^[@R8]^ In our higher-risk OPTALYSE-PE cohort, patients treated with accelerated lower-dose regimens demonstrated an improvement in mean 6-minute walk test distance of nearly 40 meters, increases in PROMIS-PF-6b scores approaching 50 (average for the general US population), and reductions in PEmb-QOL scores of ≈15, signifying a clinically important difference.

In a separate study, we used a CT-based, 3-dimensional reconstruction technique to analyze the pulmonary vascular response to ultrasound-facilitated, catheter-directed fibrinolysis for PE in the SEATTLE II trial (Prospective, Single-Arm, Multi-Center Trial of EkoSonic Endovascular System and Activase for Treatment of Acute Pulmonary Embolism). We found that post-PE RV enlargement was related to decreased distal pulmonary arterial blood volume, even when adjusted for central thromboembolic burden.^[@R36]^ After ultrasound-facilitated, catheter-directed fibrinolysis, there was an increase in distal pulmonary arterial blood volume. The increase in the distal, but not proximal, pulmonary arterial blood volume correlated with RV decompression after intervention. This finding may explain why there was not a dose-response effect in OPTALYSE-PE. The impact of ultrasound-facilitated, catheter-directed fibrinolysis on the distal pulmonary vasculature may provide a potential mechanism for the long-term RV remodeling, functional performance recovery, and improved quality of life observed in the current study.

Our results must be interpreted within the context of the study design. Relatively small sample sizes within each study arm limited our ability to discern significant differences in echocardiographic parameters, functional performance, and quality of life across study groups. We did not evaluate more advanced echocardiographic techniques such as strain and strain rate, which carry short-term prognostic value.^[@R37],[@R38]^ While echocardiography is more widely available, less costly, and more practical for this study, cardiac magnetic resonance is considered the gold standard for assessment of RV structure and function because of enhanced precision for detecting small changes in RV function and overall greater reproducibility.^[@R39],[@R40]^ Nevertheless, echocardiography has been validated for long-term follow-up of RV size and function in clinical trials of pulmonary vasodilators for pulmonary arterial hypertension and chronic thromboembolic pulmonary hypertension.^[@R41]^

We observed attrition of echocardiographic, functional performance, and quality life assessments in follow-up for the longer-term time points across all the study groups. Because there was neither a systemic or catheter-directed fibrinolytic infusion arm nor anticoagulation only comparator, we cannot determine how these accelerated regimens for ultrasound-facilitated, catheter-directed fibrinolysis may compare with other therapeutic strategies. While ultrasound-facilitated, catheter-directed fibrinolysis accelerates short-term recovery of RV function, a "catch-up" phenomenon has been reported in patients with PE treated with anticoagulation alone compared with catheter-directed fibrinolysis after 30 days.^[@R1],[@R24]^ Prospective studies comparing ultrasound-facilitated, catheter-directed fibrinolysis with systemic and other catheter-based systems will be needed to determine the impact of ultrasound itself on the pulmonary vasculature, RV remodeling, and patient-centered clinical and functional outcomes.^[@R26],[@R28],[@R29]^

Serial assessments of RV remodeling in the short- (4 hours and 48 hours), intermediate- (30 and 90 days), and long-term (1 year) and functional performance and quality of life in the intermediate term and long term are the main strengths of our analysis. While a similar study of patients with submassive PE evaluated a subset with echocardiography at 6 months,^[@R14]^ no other study has performed similarly rigorous and extensive short-, intermediate-, and long-term echocardiographic evaluation and functional performance and quality of life assessment after catheter-based therapy for PE. We used well-validated tools for measurement of functional performance (6-minute walk test and PROMIS-PF-6b) and quality of life (PEmb-QOL). Finally, all echocardiographic parameters were analyzed by a central core imaging laboratory with blinded interpretation.

In conclusion, accelerated lower-dose tPA regimens for ultrasound-facilitated, catheter-directed fibrinolysis resulted in sustained recovery over 1 year of follow-up of the echocardiographically determined RV function in all treatment groups. Improvements in long-term functional status and quality of life paralleled RV recovery.
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